Two assumptions have been made based on by this proposed theory, which come from recently developed exponentialtrigonometric shape function for transverse shear deformation effect and a simple higher order shear deformation theory for plate, based on a constraint between two rotational displacements of axis parallel to the plate midplane, about the axes x, y Cartesian coordinates system, which caused fewer unknown number. For the application of this method, a displacement field extended as only bending membrane for transverse displacement is used, a governing equations of motion as a result are determined according to Hamilton's principle, and simplified using Navier analytical solutions, as well as the transverse shear stresses effect that satisfied the stress-free boundary conditions on the simply supported plate free faces as a parabolic variation along the thickness are taken into account. A functionally graded materials plates are chosen for the parametric study, where the plates are functionally graded continuously in materials through the plate thickness as a function of power law or exponential form. The aim of this study is to analyze the bending, free vibration as well as the buckling mechanical behaviors, where the results are more focused on the investigation of different parameters such as the volume fraction index, geometric ratios, frequency modes, in-plane compressive load parameters and material properties effects on the deflection, stresses, natural frequencies, and critical buckling load, which are validated in terms of accuracy and efficiency with other plate theories results found in the literature.
Introduction
The FGMs characterized by attractive mechanical properties, in which varied continuous gradation of materials, allows for a structurural arrangement to move from complete ceramics on a surface to the entire metal on the other one, which becomes a solution to avoid the problem of inhomogeneous stresses distribution (stresses concentration) and the displacement discontinuity, which generate interface problems in composite materials with fiber. Consequently, FGMs are alternative materials widely used in several industries such as aerospace, nuclear reactor, optical, civil engineering, biomechanical, automotive, electronic, chemical, and mechanical industries, [1] [2] [3] and recently, FGMs find their applications in micro-and nanodevices. [4] [5] [6] [7] The investigation on FGMs under bending (static), buckling (static), and vibration (dynamic) permits to study the mechanical behaviors of these structures, by various developed mathematical and analytical models. Consequently, Zenkour 8 studied the bending problem with transverse load on isotropic inhomogeneous rectangular plate using two-dimensional (2-D) trigonometric and three-dimensional (3-D) elasticity solutions, based on small-strain linear elasticity theory and the Ritz method with Chebyshev displacement functions. The vibration problem of FGMs plates with multitude boundary conditions are studied by Uymaz and Aydogdu. 9 Carrera et al. 10 evaluated the thickness stretching effect in single-layered and multilayered FGMs structures, with various plate and shell models and grading variable rates are implemented using Carrera's unified formulation. Wu and Li 11 used the Reissner's mixed variational theorem using third-order shear deformation theory (TSDT) for the static analysis of simply supported multilayered FGMs plates under mechanical loads. A new hyperbolic higher order shear deformation theory (HSDT) has been used in the investigation of buckling and free vibration analysis of thick FGMs sandwich plates by El Meiche et al. 12 A new exact closed-form procedures for free vibration analysis of thick FGMs rectangular plates with simply supported two opposite edges based on the Reissner-Mindlin first shear deformation theory (FSDT) and the Reddy's TSDT have been implemented by Hosseini-Hashemi et al. 13, 14 Thai and Choi 15 have extended the four-variable refined theory of Shimpi 16 to the buckling analysis of FGMs plates subjected to in-plane loading. Then, Bachir Bouiadjra et al. 17 analyzed the thermal buckling of thick FGMs rectangular plates with the same plate theory. A hyperbolic HSDT predicting bending and free vibration responses of FGMs plates, including a composed transverse displacement to bending, shear, and thickness stretching parts, has been presented by Belabed et al. 18 A novel quasi-3-D trigonometric shear deformation plate theory with novel displacement field including undetermined integral variable terms and stretching effect to analyze the free vibration of FGMs plates resting on elastic foundation has been proposed by Abualnour et al. 19 Analytical solutions of the static governing equations for FGMs plates subjected to transverse bi-sinusoidal and distributed loads are obtained by a new trigonometric HSDT developed by Mantari et al. 20, 21 Zenkour 22 analyzed bending responses of FGMs plates and symmetric and nonsymmetric FGMs sandwich plates with a refined TSDT in the presence of transverse shear and normal deformations. Meziane et al. 23 developed a refined shear deformation theory to study free vibration and buckling of exponentially graded materials (E-FGMs) sandwich plates under various boundary conditions. An inverse trigonometric shear deformation theory to predict bending, buckling, and vibration of simply supported isotropic and sandwich FGMs plates has been proposed by Nguyen et al. 24 Taibi et al. 25 studied the thermomechanical behavior in static bending and thermal buckling of nonsymmetrical thick FGMs sandwich plates resting on two-parameter foundation with a new refined plate theory. Nguyen 26 studied the effect of various well-known parameters on the bending, buckling, and vibration of FGMs plates using a new hyperbolic HSDT. Sofiyev 27 used a higher order shear deformation shell theory to investigate dynamic instability of E-FGMs single-layer and sandwich cylindrical shells under static and time-dependent periodic axial loadings. Barati et al. 28 have employed a refined four-variable plate theory to examine the buckling behavior of functionally graded piezoelectric plates with porosities. A new hyperbolic HSDT based on the 3-D elasticity theory is used to study the static, free vibration, and buckling of simply supported FGMs sandwichs plates on elastic foundation by Akavci. 29 Zaoui et al. 30 presented a new quasi-3-D hybrid-type sinusoidal and parabolic HSDT to investigate the free vibration of FGMs plates resting on elastic foundation. A new shear deformation plate theory was developed by Meksi et al. 31 to illustrate the bending, buckling, and free vibration responses of FGMs sandwich plates. Younsi et al. 32 analyzed bending and free vibration with 2-D and quasi-3-D hyperbolic HSDT of FGMs plates, with displacement field including undetermined integral terms. Guerroudj et al. 33 developed a quasi-3-D hybrid-type trigonometric and polynomial HSDT and analyzed the free vibration of FGMs plates on elastic foundation with thickness stretching effects. An hybrid-type quasi-3-D HSDT, which includes both shear deformation and thickness stretching effect for static and dynamic analysis of FGMs beams and with only three unknown, has been presented by Meradjah et al. 34 A new hybrid-type quasi-3-D HSDT for FGMs shells studied bending analysis with six unknowns and stretching effect, under transverse load has been formulated by Mantari. 35 The aim of this investigation is to analyze the bending, free vibration, and buckling mechanical behaviors of square and rectangular FGMs plates as power (P-FGMs) and exponential (E-FGMs) function, characterized the materials properties and distributions, of the following metallic and ceramics couple combinations, aluminum/alumina (Al/Al 2 O 3 ), aluminum/zirconia (Al/ZrO 2 ), and aluminum/silicon carbide (Al/Sic), continuously varied through the plate thickness. This theory is a combination of recently developed exponential-trigonometric shape function for transverse shear deformation effect and developed displacement fields of four unknowns. Analytical solutions for equations of motion are obtained based on Hamilton's principle and Navier-type solutions that satisfied the simply supported boundary conditions, and the stress-free boundary conditions on the plate free surfaces. Parametric studies of the volume fraction index, geometric ratios such as sideto-thickness ratio and aspect ratio, frequency modes, in-plane compressive load parameters, and material properties effects are evaluated on the deflection, stresses, natural frequencies, and critical buckling load using nondimensional relations. Numerical examples are compared and validated using several and different theories found in the literature.
Materials and methods

Theoretical formulation
In this study, FGMs plates are considered with length (a), width (b), and uniform thickness (h), the evolution of the thickness follows the coordinate z-axis perpendicular to the plate midplane defined by Cartesian coordinates system (x, y) as shown in Figure 1 . Three geometric ratios characterized the plates are used, as the side-to-thickness ratio (a/h) (defined thick plate with lower ratio value, moderately thick plate with medium ratio value and thin plate with highest ratio value), the aspect ratio (a/b) (defined square plate (a/b ¼ 1), and rectangular plate (a/b 6 ¼ 1)) and through thickness materials distribution (z/h). The plates are made as a couple mixture of one metal (Al) and one ceramic (Al 2 O 3 , ZrO 2 , or Sic) as shown in Table 1 , according to a defined volume fraction, and as a result to material properties, which varied continuously through the plates thickness, estimated by continuous model, which neglects the microstructure and takes into account the continuous distribution of the FGMs, the material properties are described from homogeneous plate theories, after homogenized their effective modules, such as the Young's modulus, the Poisson's ratio, and the mass density. 26 The Young's modulus (E(z)) has been estimated by the power law in equation (1), 36, 37 described the distribution profile of P-FGMs plate, or according to an exponential form in equation (2), 38, 39 described the distribution profile of E-FGMs plate, which can be written as follows:
EðzÞ
where c and m designate the ceramic and metal plate parts, respectively. V c (z) is the volume fraction of the ceramic material given by the equation below as
where p indicates a positive volume fraction index specifies the distribution profile of the material in the FGMs plates thickness z 2[Àh/2, h/2], when (p ¼ 0) or (p!1), respectively, the plate is completely from ceramic, homogeneous and stiffer or completely from metal and extremely softer, else the plate is FGMs.
The Poisson's ratio n(z) is considered constant, 40 because it has no significant effect on the FGMs plates, and the mass density r(z) is estimated using the power law as
Kinematics and deformations
The displacement field of this HSDT can be presented following similar procedures as given by Nguyen, 26 where u, v, w, u 0 , v 0 , and w 0 are axial displacement function follows the Cartesian coordinate axes (x, y and z), the displacement field has five unknowns, three of them are displacements of the plate midplane u 0 , v 0 , w 0 , and two displacements q x and q y are rotations of axes parallel to the midplane around y and x rectangular Cartesian coordinates system, respectively. The rotational displacements are reduced to a single unknown by making q x ¼ À@'ðx; y; tÞ=@x and q y ¼ À@'ðx; y; tÞ=@y. 41 The function f(z) represents the exponential-trigonometric shape function for transverse shear deformation distribution along the thickness (h), developed by Zaoui et al., 42 which is shown in equation (6a). The shear deformation effect becomes less effective and even neglected in a relatively large region, for thin plates with larger (a/h) ratio. Furthermore, the transverse shear stresses through the thickness are presented in term of the shape function derivative g(z) and have a parabolic pace satisfying the stressfree boundary conditions at the plate faces (z ¼ +h/2).
gðzÞ ¼ À @f ðzÞ @z ð6bÞ
Applying the linear elasticity theory, the linear strain field is produced from the displacement field of equation (5) by derivation as follows: where Q(z) are the stiffness coefficients, written as
Equations of motion
The equations of motion appropriate to the displacement field and the constitutive equations are determined for deformable bodies using the Hamilton's principle, which comes as
where T denotes a period of time and dU, dV, and dK are the variation of the plate strain energy, work done by external load, and kinetic energy, respectively. The strain energy (energy of internal load) variation is calculated by the equations below as
where A denotes a section and N, M, and S are the stresses resultants defined as 
The variation of work performed by external loads is written as
where N is an in-plane compressive load; it is assumed that the plate is subjected to axial compressive load in two directions, as mentioned below
where N 0 x ¼ ÀN 0 ; N 0 y ¼ ÀgN 0 ; N 0 xy ¼ 0 and g is the nondimensional load parameter, defined as three in-plane load types: axial compression-tension load (g ¼ 0), uniaxial compression load (g ¼ 1), or biaxial compression load (g ¼ À1), and q is the transverse mechanical sinusoidal load, which follows the plate transversal direction.
The kinetic energy variation is determined by the following integral as
Àh=2 @u @t @du @t þ @v @t @dv @t þ @w @t @dw @t
I 0 @u @t @du @t þ @v @t @dv @t þ @w @t @dw @t
where I i , J i , and K i are the moments of inertia expressed as ðI 0 ; I 1 ;
The equations of motion are found by substituting equations (11), (13) , and (15) in equation (10), integrating by part every term, than collecting the coefficients du 0 , dv 0 , dw 0 , and d' as follows
The stresses resultants are obtained as a function of strains, and the transverse shear forces found from the constitutive equations, while substituting equation (7) into equation (8), then into equation (12), the following reduced and compact form is obtained @u 0 @x @v 0 @y @u 0 @y þ @v 0 @x The following equations of motion can be expressed and simplified in terms of displacement field by substituting equation (18) into equation (17), as follows
Analytical solution of Navier
The procedure of Navier solutions is used to obtain analytical solutions that are the partial differential equations in functions of displacement and expressed by double Fourier series for the shear deformation model, which is developed in this plate theory, satisfies the simply supported boundary conditions and equations of motion, written as
where o is the natural frequency of the plate free vibration, U mn , V mn , W mn , and ' mn are undetermined parameters, a ¼ mp=a, b ¼ np=b and ffi ffi i p ¼ À1, m and n defined the first three modes (m, n) of frequency as 1(1,1), 2(1,2), and 3(2,2). The transverse load q is also represented by double Fourier series as
where the coefficient Q mn is given below for some typical loads as 
where
The equation system (22) represents the general form to analyze the problem of bending, free vibration, and buckling mechanical behaviors in the FGMs plate subjected to transverse loads (q) and compressive loads (N 0 ) in the plane.
Results and discussion
Consider a FGMs plate, varied in the gradation of materials as a power function with a power law (P-FGMs), or as exponential function (E-FGMs), which characterized the materials distribution, and depending on a varied volume fraction index (p), defined stiffer FGMs plate with lower index (p) values, and softer FGMs plate with highest index (p) values, of varied dimensions shown in Figure 1 , the distributed materials varied as the following metallic and ceramics couple combinations, aluminum/alumina (Al/ Al 2 O 3 ), aluminum/zirconia (Al/ZrO 2 ), and aluminum/silicon carbide (Al/Sic), of material properties collected in Table 1 and subjected to variable loads. The results of the present parameters variation effected on the nondimensional deflections, the normal and tangential stresses, the natural frequencies, and the critical buckling load of FGMs plates are compared and validated using several numerical examples of different theories found in the literature, using nondimensional relations, listed as u ¼
Numerical examples and bending analysis results
The present theory accuracy is evaluated for bending problems analysis of Al/Al 2 O 3 FGMs plate, only subjected to sinusoidal load (q), and neglecting the in-plane compressive load as well as the kinetic energy (omitting the matrix (M)) in equation (22).
P-FGMs plates.
Example 1. The present theory validity in predicting bending responses is verified in Table 2 , for stiffer, softer, moderately thick, and square Al/Al 2 O 3 P-FGMs plate, graded in materials as a power function with a power law of equation (1), by examining the nondimensional values of in-plane axial displacement u, deflection w (transverse displacement) value in the plate center, in-plane normal stress s xx ðzÞ, in-plane shear stress s xy ðzÞ, and transverse shear stress s xz ðzÞ. The obtained nondimensional results are validated with solutions given by different theories as the HSDT, TSDT, quasi-3-D theory, as well as those predicted by sinusoidal shear deformation theory (SSDT). It should be noted that the results showed good agreement with different theories solutions, especially with HSDT of Thai and Kim 45 Figure 2(d) ); this might be due to an important reason of the presence of various displacement models and their corresponding number of unknowns, the shape function accuracy, the boundary conditions and the significant thickness stretching effect, for thick plates, which is presented in 3-D and quasi-3-D theories, which provide good result prediction, as considered by Wu and Chiu. 44 The maximum rate of error is achieved for (p ¼ 2) and (p ¼ 8) as 9.928%, 1.892% and 3.003%, which is even insignificant, compared with results implemented by Wu and Chiu, 44 quasi-3-D Carrera et al. 10 and HSDT Nguyen, 26 respectively. The s xz ðzÞ maximum peak is located in the median plane for homogeneous plates, or trends to move slightly toward the top surface, and will possess an asymmetrical profile across the FGMs plate thickness for larger values of index (p). Thus, s xz ðzÞ becomes less important than s xx ðzÞ and s xy ðzÞ as 8 and 4, 12 and 2, 23 and 4 times lower for the indexes (p ¼ 0), (p ¼ 1), (p ¼ 20), respectively.
E-FGMs plates. Example 2. For this example in Table 3 , the deflection w results are presented for stiffer, thick, square, and rectangular Al/Al 2 O 3 E-FGMs plates, which is a FGMs plate, graded in materials as an exponential function with exponential form of equation (2) . A comparison between the calculated results and those given by HSDT, 21, 26, 45 3-D, and quasi-3-D solutions 8, 46 are carried out. It is clear that the present theory provide good results as compared to the HSDT 21, 26, 45 and slightly overestimates w results with 3-D and quasi-3-D solutions, 8, 46 which might be due to different conditions as mentioned earlier for Table 2 . It can be seen that, for the E-FGMs plates, w values becomes more important with the decreases of both the index (p) and the ratio (a/h) values, as well as the increases of ratio (b/a) values. Thus, the maximum rate of error is 2.315%, 2.306%, and 0.64%, which is insignificant obtained for very thick (a/h ¼ 2), square plate as well (p ¼ 1), (p ¼ 1.5), and (p ¼ 0.1), compared with Mantari et al., 21 Thai et Kim, 45 and Nguyen, 26 respectively.
Numerical examples and free vibration analysis results
In this part, the present theory accuracy is also evaluated for free vibration analysis of both Al/Al 2 O 3 and Al/ZrO 2 FGMs plates as the power law. Thus, the vibration problem is achieved by omitting the transverse load (q) and neglecting the in-plane compressive load in equation (22) .
Example 3. The nondimensional natural frequencies b results are presented in Table 4 , for different homogeneous, stiffer, softer, thick, moderately thick, thin, and square Al/ ZrO 2 FGMs plates, and compared with those generated by 3-D theory 9 based on 3-D plate model, and with HSDT. 26 It should be noted that the obtained results are in good agreement with the reference solutions even for thin (a/h ¼ 100), stiffer ceramic homogeneous plates, where b becomes important. The maximum rate of error between the present model and Uymaz and Aydogdu 9 is 2.977% of insignificant value, for (a/h ¼ 5, p ¼ 1), this error is reduced in comparison with the Nguyen, 26 in the order of 0.755% for (a/h ¼ 2, p ¼ 10).
Example 4. The first three modes of nondimensional free vibration fundamental frequencies ! are computed in Table 5 , for different homogeneous, stiffer, softer, thick moderately thick, thin, square, and rectangular Al/Al 2 O 3 FGMs plates under various frequency modes, and the results are in good agreement, compared with HSDT solutions of Nguyen, 26 the maximum rate of error between both theories is 0.71%, a negligible error, signaled for thick, softer FGMs (p ¼ 10), square plate with third mode. It is to highlight that ! values increases with the decrease of the index (p) values and the increase of both ratios (a/h), (a/b) and frequency modes values, which are presented clearly in Figure 3 , where the highest ! values are obtained from Figure 3(a) , illustrated for moderately thick plates; for stiffer FGMs plate and highest frequency mode, the ! values reduction are greater for stiffer FGMs plates (p < 2), then ! pace has a trend to stabilize as the plate becomes softer; and are obtained from Figure 3 (b) for thin, stiffer homogeneous ceramic plate, the reason is that the thin plate with big ratio (a/h) values, make the shear deformation effect becomes less effective, as well as the stiffer plate with the small index (p) values, makes the ceramic volume fraction and the elasticity modulus values increase, and consequently the plate becomes ceramic as the ceramic content increases.
! values increase greatly for the ratio range (a/h2[2,10]), then ! pace a / h = 10 p = 0 Present theory p = 1 Present theory p = 20 Present theory p = 0 HSDT Nguyen [26] p = 1 HSDT Nguyen [26] p = 20 HSDT Nguyen [26] has a trends to stabilize, which is even proved in Figure 4 as a 3-D diagram presented an interaction between the index (p), the ratio (a/h), and fundamental frequency !, using the current theory. Again, ! values increases with the decrease of the index (p) values and the increase of the ratio (a/h) values.
Example 5. The first three nondimensional free vibration fundamental frequencies! are calculated in Table 6 , to verify the results accuracy, for different homogeneous, stiffer, softer, thick, moderately thick, thin, and square Al/ Al 2 O 3 FGMs plates under various frequency modes. The obtained results are compared with different theories as the quasi-3-D theory, 47 TSDT, 14 FSDT, 13 as well the HSDT solutions, 26, 45 where the agreement is very well, the maximum rate of error is 0.111% and 0.705%, which is even negligible, for (p ¼ 4, a/h ¼ 10, mode 2) and (p ¼ 10, a/h ¼ 5, mode 3), compared with Hosseini et al., 14 Thai et Kim, 45 and Nguyen, 26 respectively. As long as the plate becomes thinner, the shear deformation effect becomes less significant, the results become less significant and almost identical, which presented more accuracy. It is to highlight that! values increases with the decrease of the 
Numerical examples and buckling analysis results
The buckling response of Al/Al 2 O 3 and Al/SiC FGMs plates, as the power law, which depends on the volume fraction index (p), and subjected to different in-plane compressive load depends on the parameters (g), has been evaluated by omitting transverse sinusoidal load (q) and the kinetic energy (omitting the matrix (M)). Thus, the plate is only subjected to in-plane compressive load N 0 in equation (22) . Example 6. The present theory accuracy in predicting the critical buckling loads N cr values are highlighted in Table 7 , for different homogeneous, stiffer, softer, thick, moderately thick, thin, square, and rectangular Al/Al 2 O 3 FGMs plates, under various in-plane compressive loads. As it is observed from the table, the results are in good agreement, compared with HSDT 15,26 solutions, where the maximum rate of error is 1.053% and 0.209%, insignificant 
, respectively. It is to highlight that N cr values increases with the decrease of both index (p) and parameters (g) values as well the increase of both ratios (a/h) and (b/a) values, presented clearly in Figure 5 , for rectangular plates, where it can be observed that the N cr higher values are obtained from Figure 5 (a) illustrated with thick plates, for stiffer FGMs plate with biaxial compression load, the N cr values reduction are greater for stiffer FGMs plates (p < 2), then, N cr pace has a trend to stabilize as the plate become softer; and are obtained from Figure 5 (b) illustrated for uniaxial compression load, for stiffer homogeneous ceramic plate and highest ratio (a/h), for the reason mentioned before in example 4, and that's way N cr values increase slightly with the increase of the ratio (a/h) values, especially for (a/h2]2,10[), then, N cr pace has a trend to stabilize. Otherwise, the same mechanical behavior is observed for both ! and N cr for the variation of index (p), ratio (a/h), frequency modes (m, n), and parameter (g), and consequently, the interaction between them is clear in Figure 6 . Table 8 ; for different homogeneous, stiffer, softer, moderately thick, and square Al/SiC FGMs plates under various frequency modes and in-plane compressive loads, the N cr results are compared with HSDT 26, 15, 48 and FSDT. 49 It can be noticed that a close agreement between the results are found for all cases, the maximum rate of error is 5.233%, 4.931%, 5.101%, and 4.912%, which is insignificant for homogeneous ceramic plate under second frequency mode and biaxial compression load, in comparison with all theories, respectively. It is to highlight thatN cr values increases with the decrease of both index (p) and parameter (g) values, which are presented clearly in Figure 6 , for rectangular, moderately thick plate; Figure 6 (a) is illustrated for homogeneous ceramic plate and Figure 6 (b) for softer FGMs plate. It can be seen that the same mechanical behaviors are observed for ! and N cr , and for any in-plane compressive load; which either the ! and N cr highest values are found while the other one is null (at zero coordinate), for rectangular, homogeneous plates and biaxial compression load; and the smallest values (characterized the wicked plates), where the plate does not support buckling, are those for FGMs plate and uniaxial compression load, the FGMs plate had a significant effect in buckling, and leads to a reduction of 36.81% in the ! and 71% in the N cr compared to an homogeneous ceramic plate, as well an inverse mechanical behavior is signaled for negative values of N cr , for Figures 6(a-b ). An inverse relationship regroups the ! with N cr values; When the first increases, the second decreases considerably, and vice versa.
Conclusion
An HSDT is used for bending, free vibration, and buckling analyzes of FGMs plates. The theory is a combination of recently developed exponential-trigonometric shape function for transverse shear deformation effect and developed displacement fields of four unknowns, without thickness stretching effect, and simply supported boundary conditions, satisfying the stress-free boundary conditions on the plate free surfaces. Equations of motion are extracted from Hamilton's principle and solved via Navier-type solution. The effects of several parameters as the volume fraction index, geometric ratios, frequency modes, in-plane compressive load parameters, and material properties on the deflection, stresses, natural frequencies, and critical buckling load are analyzed. The accuracy of the proposed model is checked by comparing the calculated results with other plate theories found in the literature. As a conclusion, this theory is appropriate, simple and accurate, given the following results:
The obtained results are in good agreement and closer to different HSDT results in many cases, which defined the theory convergence.
For the E-FGMs plates, w values becomes more important with the decrease of both the index (p) and the ratio (a/h) values, as well the increases of ratio (b/a) values. However, for the FGMs plates, w values increase as the index (p) values increase. ! and N cr , and for any in-plane compressive load; which either the ! and N cr , highest values are found while the other one is null (at zero coordinate), for rectangular, homogeneous plates, and biaxial compression load; and the smallest values, are those for FGMs plate and uniaxial compression load; the FGMs plate had a significant effect in buckling, and leads to a reduction of 36.81% in the ! and 71% in the N cr compared to an homogeneous plate. An inverse relationship regroups the ! with the N cr values. When the first increases, the second decreases considerably, and vice versa. The ! and N cr values reduction are obvious for stiffer plates with (p < 2) and thick to moderately thick plate with (a/h2]2,10[). Then, ! and N cr paces show a trend to stabilize after this values.
Declaration of conflicting interests
The author(s) declared no potential conflicts of interest with respect to the research, authorship, and/or publication of this article.
Funding
The author(s) received no financial support for the research, authorship, and/or publication of this article. = 1 HSDT Nguyen [26] =-1 HSDT Nguyen [26] 
ORCID iD
